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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Epi Studies Criteria - Question
Date: Tuesday, May 14, 2013 1:33:12 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:32 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Beltran, Eugenio D. (CDC/ONDIEH/NCCDPHP)" <edb4@cdc.gov>
Date: 09/10/2010 10:44 AM

Subject: RE: Epi Studies Criteria - Question

Dear Eugenio:

My knowledge of statistics is limited to my study of tests and measurements (1960) as part of my
training to be a teacher. Could tell me what statistical tool you used to establish whether a value was
an outlier? | would like to talk with one of the people here who know more about statistics than | do
about your analysis.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Epi Studies Criteria - Question
Date: Tuesday, May 14, 2013 1:34:25 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:34 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Beltran, Eugenio D. (CDC/ONDIEH/NCCDPHP)" <edb4@cdc.gov>
Date: 09/17/2010 10:42 AM

Subject: RE: Epi Studies Criteria - Question

Thank you for taking the time to reply. | just wanted to send you my note while my conversation with
the statistician was still fresh in my mind. | sympathize with the pressure since | am also trying to get
ready for next Thursday.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Hazardous waste

Date: Tuesday, May 14, 2013 1:47:43 PM
Attachments: Silicofluorides.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:47 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Duchon, Kip (CDC/ONDIEH/NCCDPHP)" <cfx3@cdc.gov>
Date: 07/08/2011 12:40 PM

Subject: Re: Hazardous waste

My guess is that the caller was Patrick. The attachment is what was sent to him some time ago.

(See attached file: Silicofluorides.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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September 2000

Information Sheet

Hexafluorosilicic Acid and
Sodium Hexafluorosilicate

Information is presented here on hexafluorosilicic acid and sodium hexafluorosilicate, two chemicals commonly used for
drinking water fluoridation. At the concentrations typically used in drinking water, hexafluorosilicic acid and sodium
hexafluorosilicate provide six fluoride ions for each hexafluorosilicate ion. Contact your local water supply utility to
determine if hexafluorosilicic acid or sodium hexafluorosilicate is used for the fluoridation of your water supply.

1. Identity, Physical and Chemical
Properties

The physical and chemical properties of hexafluorosilicic
acid and sodium hexafluorosilicate are presented in Table 1.

Table 1. Physical and chemical properties of
hexafluorosilicic acid and sodium hexafluorosilicate ®

Wit Hexafluorosilicic Sodium
acid hexafluorosilicate

CAS Number 16961-83—4 16893-85-9

Synonyms Fluorosilicic acid, Sodium fluorosilicate,
fluosilicic acid, sodium fluosilicate,
hydrofluosilicic acid, | sodium silicofluoride
silicofluoric acid,
hydrosilicofluoric acid

Molecular H,SiFg Na,SiF,

formula

Molecular 144.1 188.1

weight

Commercial 20% to 35% aqueous | =98% pure solid

product solution

Physical state Colorless liquid White granular powder

‘Water solubility | Infinite 0.76 g/100 mL

at 25°C

pH of solution | 23% solution: Saturated solution:
pH=12 pH=35

Odor Pungent None

Corrosivity Very corrosive Corrosive

4 AWWA, 1995; Budavari et al. 1996; Reeves,

1999,

2. Manufacture

Most hexafluorosilicic acid is produced as a by-product
of phosphate fertilizer manufacture. Phosphate rock is ground
up and treated with sulfuric acid. Silicon tetrafluoride and
hydrogen fluoride gases are given off during the acid treat-
ment. These gases pass through scrubbers and react with
water to form a weak solution of hexafluorosilicic acid. The
acid is then concentrated to about 25% by evaporation
(Reeves, 1996).

Sodium hexafluorosilicate is produced by neutralizing
hexafluorosilicic acid with sodium carbonate and crystallizing
the salt to yield a white, granular powder that is 98% pure.
The principal impurities are water, chlorides, and silica
(CDC, 1986; Reeves, 1996).

3. Uses

Drinking Water Additive

Hexafluorosilicic acid and sodium hexafluorosilicate are
widely used in the United States as water fluoridation chemi-
cals (AWWA, 1995; Reeves, 1996). The maximum use levels
of these two chemicals for drinking water fluoridation are
6 mg/L of 25% hexafluorosilicic acid solution or 2 mg/L of
sodium hexafluorosilicate, corresponding to a fluoride
concentration of 1.2 mg/L (ANSI/NSF, 1999). This fluoride
concentration is below the maximum contaminant level
(MCL) for fluoride of 4.0 mg/L and the secondary maximum
contaminant level (SMCL) of 2.0 mg/L established by the
U.S. Environmental Protection Agency (USEPA, 1986).

ANSI/NSF Standard 60: Drinking Water Treatment
Chemicals—Health Effects (ANSI/NSF, 1999) is the nation-
ally recognized health effects standard for drinking water
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treatment chemicals. Most states require that water utilities
use products that have been certified against Standard 60 by
an ANSI-accredited laboratory. All hexafluorosilicate
products evaluated against Standard 60 are tested to ensure
that the levels of regulated metal impurities present in the
product will not contribute to the treated drinking water more
than 10% of the corresponding EPA MCL for the metal
contaminant (ANSI/NSF, 1999).

The recommended amount of fluoride used for fluorida-
tion decreases as the average ambient temperatures increase
(Table 2) to adjust for increased drinking water consumption
in warmer climates (AWWA, 1995; CDC, 1994),

Table 2. Recommended optimal levels of fluoride in
drinking water *

Amnusl average of Rec;:::,m_ended Recommended

maximum daily air nde. B 2

temperature ® (°F) con?:;?}u i oo

Lower Upper

40.0-53.7 1.2 1.1 1.6
53.8-58.3 1.1 1.0 15
58.4-63.8 1.0 0.9 1.4
63.9-70.6 0.9 0.8 1.3
70.7-79.2 0.8 0.7 1.2
79.3-90.5 0.7 0.6 1.1

2CDC, 1994; AWWA, 1995.
b Based on temperature data obtained for a minimum of 5 years.

Other Uses

Hexafluorosilicic acid is used in tanning of hides and
skins, to reduce reflectivity in glass surfaces, and for steriliz-
ing equipment in brewing and bottling plants. Sodium
hexafluorosilicate is used in enamels for china and porcelain,
as an insecticide, a poison for rodents, a moth repellant, and a
preservative for leather and wood (HSDB).

4. Chemistry of Hexafluorosilicates in Water
Hexafluorosilicic Acid

When added to water, hexafluorosilicic acid rapidly
hydrolyzes to produce hydrofluoric acid and various forms of
amorphous and hydrated silica (Urbansky and Schock, 2000;
Stumm and Morgan, 1996):

H,SiF, + 4 H,0 - 6 HF + Si(OH), M

Hydrofluoric acid readily dissociates in dilute aqueous
solution to hydrogen ions and fluoride ions:

6HF-6H"+6 F )

The pK, (negative logarithm of the acid dissociation constant)
for reaction (2) is 3.2 (Lide, 1995). Thatis, ata pHof4.2,
dissociation of hydrofluoric acid will be 90% complete; at a
PH of 5.2 dissociation will be 99% complete, and so on. At
the pH of drinking water (pH usually between 6.5 and 8.5),
dissociation of hydrofluoric acid is greater than 99.9%.

The combination of reactions (1) and (2) gives the overall
reaction for the hydrolysis of hexafluorosilicic acid (Urbansky
and Schock, 2000):

H,SiF, + 4 H,0 -~ 6 H* + 6 F + Si(OH) (3)
bl 4

Crosby (1969) studied the hydrolysis of hexafluorosilicic
acid (reaction 3) as a function of the concentration of the acid
(Table 3). At a concentration of fluoride of 1 mg/L, the
concentration usually used for water fluoridation, 99%
hydrolysis takes place and the pH drops to 4.2. Reaction 3)
also indicates that as the pH increases (i.e., as the hydrogen
ion concentration decreases), hydrolysis of hexafluorosilicic
acid will increase. At the pH of drinking water, usually
between 6.5 and 8.5, and at a fluoride concentration of
1 mg/L, the degree of hydrolysis of hexafluorosilicic acid is
essentially 100%.

Table 3. Percentage hydrolysis of hexafluorosilicic
acid at 25°C as a function of concentration®

et | g | Do ot
(asmg F/L)
38 3.02 39
19 3.23 56
4 3.80 85
2 4.00 95
1 4.20 99

2 Crosby, 1969.

In poorly buffered waters, addition of hexafluorosilicic
acid may result in a slight lowering of the pH, even at a
concentration low enough to produce 1 mg/L of fluoride ion
(AWWA, 1995). In such cases, it is normal practice to adjust
the pH to prevent corrosion in water distribution systems.
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Sodium hexafluorosilicate

The chemistry of sodium hexafluorosilicate in water is
comparable to that of the acid. Sodium hexafluorosilicate
dissociates rapidly to sodium and hexafluorosilicate ions:

Na,SiF, - 2 Na* + SiF > @

The hexafluorosilicate ion hydrolyzes to hydrogen and
fluoride ions and various forms of silica:

SiF> +4 H,0 «4H*+ 6 F + Si(OH) » (5)
The overall reaction is (Urbansky and Schock, 2000):
NaSiF +4H,0~2Na*+4H*+6F + Si(OH), (6)

Crosby (1969) also studied the hydrolysis of sodium
hexafluorosilicate (reaction 6) as a function of its concentra-
tion (Table 4). At the pH of drinking water and at the
concentration of sodium hexafluorosilicate used in fluorida-
tion, essentially 100% of sodium hexafluorosilicate will be in
the form of fluoride ion.

Table 4. Percentage hydrolysis of sodium
hexafluorosilicate at 25°C as a function of
concentration *

conf:ilf;ion pH Degree 1)(f92§(drolysis
{as mg F/L)
308 3.27 11
31 341 55
3 4.08 84
! NR’ 96
9 NR’ 100
2Crosby, 1969.
® Not reported.

5. Potential for Exposure
Drinking Water Exposure

Exposure of the general population to hexafluorosilicic
acid and sodium hexafluorosilicate through drinking water is
not expected since both compounds hydrolyze essentially
completely to silica or silicates and fluoride ions at the

concentrations used in water fluoridation and at the
normal pH of drinking water (Urbansky and Schock,
2000; Crosby, 1969).

Occupational Exposure

Individuals who work in industries that use or
produce hexafluorosilicic acid and sodium
hexafluorosilicate could be accidentally exposed to these
products during manufacturing, transportation, or use in
drinking water treatment (AWWA, 1995; Reeves, 1999).

6. Health Effects

Many communities add fluoride to their drinking
water to promote dental health. Each community makes
its own decision about whether or not to add fluoride.

In water, at the levels used for fluoridation, both
hexafluorosilicic acid and sodium hexafluorosilicate
hydrolyze essentially completely to fluoride ions and
various forms of silica (Urbansky and Schock, 2000;
Crosby, 1969). Various chemical forms of silica and
silicates occur in nature as sand and do not represent any
health hazard. EPA has set an enforceable drinking water
standard for fluoride of 4.0 mg/L.. Some people who
drink water containing fluoride in excess of this level over
many years could get bone disease, including pain and
tenderness of the bones. EPA has also set a secondary
fluoride standard of 2.0 mg/L to protect against dental
fluorosis (USEPA, 1986). Dental fluorosis, in its
moderate or severe forms, may result in a brown staining
and/or pitting of the permanent teeth. This problem
occurs only in developing teeth before they erupt from the
gums. Children under 9 years old should not drink water
that has more than 2.0 mg/L of fluoride.

Water treatment plant operators must handle
hexafluorosilicic acid and sodium hexafluorosilicate
properly to avoid overexposure. The principal hazard
associated with sodium hexafluorosilicate is dust gener-
ated when bags of the chemical are handled carelessly.
Inhalation of sodium hexafluorosilicate dust may cause
nosebleed, coughing, and respiratory distress. Stock
solution of hexafluorosilicic acid should be handled with
great care because of its low pH and the fact that it will
cause “delayed burn” on skin tissue (Reeves, 1999).
Manuals describing water treatment plants’ operational
hazards and safety practices for fluoride chemical feed
systems are available (AWWA, 1995; CDC, 1986, 1994).







Page 4

Information Sheet—Hexafluorosilicic Acid and Sodium Hexafluorosilicate

References

ANSI/NSF (American National Standards Institute/NSF
International). 1999. Standard 60: Drinking water treatment
chemicals—Health effects. NSF International, Ann Arbor,
MI.

AWWA (American Water Works Association). 1995. Water
fluoridation principles and practices. 4th ed. Denver, CO.

Budavari S, 0’Neal MJ, Smith A, Heckleman P, Kinneary FJ,
eds. 1996. The Merck Index, 12th ed. Whitehouse Station,
NJ: Merck & Co.

CDC (Centers for Disease Control). 1986. Water fluorida-
tion: A manual for engineers and technicians. U.S.
Department of Health and Human Services, Public Health
Service, Atlanta, GA. [Author: Reeves TG.] Report

No. 00-4789.

CDC (Centers for Disease Control and Prevention). 1994.
Water fluoridation: A manual for water treatment plant
operators. U.S. Department of Health and Human Services,
Public Health Service, Atlanta, GA.

Crosby NT. 1969. Equilibria of fluorosilicate solutions with
special reference to the fluoridation of public water supplies.
J Appl Chem 19:100-102.

HSDB (Hazardous Substances Data Bank). On-line database.
Records for fluosilicic acid (1983) and sodium silicofluoride
(1996). National Library of Medicine, Bethesda, MD.
Available: http://toxnet.nlm.nih.gov.

Lide DR, ed. 1995. CRC Handbook of chemistry and physics.
76th ed. New York: CRC Press.

Reeves TG. 1996. Technical aspects of water fluoridation in
the United States and an overview of fluoridation engineering
world-wide. Comm Dent Hith 13 (Suppl 2):21-26.

Reeves TG. 1999. Water fluoridation. In: Water quality and
treatment. 5thed. American Water Works Association. New
York: McGraw-Hill, Inc. pp. 15.1-15.19.

Stumm W, Morgan JJ. 1996. Aquatic chemistry: Chemical
equilibria and rates in natural waters. 3rd ed. New York:
John Wiley.

Urbansky ET, Schock MR. 2000. Can fluoridation affect lead
(II) in potable water? Hexafluorosilicate and fluoride
equilibria in aqueous solution. Int J Environ Stud 57:597-637.

USEPA (U.S. Environmental Protection Agency). 1986.
National primary and secondary drinking water regulations;
fluoride; final rule. Fed Reg 51(63):11396-11412.










From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Hazardous waste
Date: Tuesday, May 14, 2013 1:49:17 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:47 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Duchon, Kip (CDC/ONDIEH/NCCDPHP)" <cfx3@cdc.gov>
Date: 07/08/2011 01:49 PM

Subject: RE: Hazardous waste

Patrick had stopped calling me as well. He started again a about two weeks ago. In fact, at the time
we released the documents he specifically told people that he did not want to talk with me. He did
send in a FOIA asking for the something for which we have no data, the maximum amount of fluoride
people are exposed to from all sources. Recently he seems to have been upset by the way fluoride
was described on the Consumer Confidence Report from his public water system. It is well over a year
ago that we sent the Fluoricosilicate paper in response to one of his letters.

| dread the tally of the comments. Tina, unfortunately for me, has moved on. Her husband accepted
a position in Florida and she is now working at the University of Miami as an science assistant .
Dennis Opresko, the main OakRidge participant, has retired. We might be able to get him back on a
part time basis if we need to. In the meanwhile | am trying to complete a peer review draft for
perfluorinated octanoic acid (PFOA). My colleague at OakRidge just took another position. She too
has been a loss.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Help on References
Date: Tuesday, May 14, 2013 1:26:43 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:26 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Bailey, William (CDC/CCHP/NCCDPHP)" <wdb9@cdc.gov>
Date: 09/08/2009 10:13 AM

Subject: Help on References

Dear Bill

would you be able to suggest a reference for me that says that almost all of the toothpaste now sold in
the US is now fluoridated? | also need a reference that would say when the recommendation to use a
pea-sized application of toothpaste on the toothbrush was issued and those gave the recommendation.
| have asked Jane McGinley these same questions and am waiting to see if she can find me
something.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Review of Opinion on Flushing Water Mains
Date: Tuesday, May 14, 2013 1:48:41 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:48 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Duchon, Kip (CDC/CCHP/NCCDPHP)" <cfx3@cdc.gov>
Date: 01/06/2009 08:41 AM

Subject: Re: Review of Opinion on Flushing Water Mains

Thanks for including me in the review process for the draft opinion letter. Before | send you my
comments, | need to know more about what is involved with flushing. How long does it take to

implement it and complete the process? Let me know when you might be available to have an

educational phone call on this matter.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: The the report on the coal in China
Date: Tuesday, May 14, 2013 1:27:01 PM
Attachments: Voice of America-China-coal.pdf

Robertson et al.-coal.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/14/2013 01:26 PM -----

From: Joyce Donohue/DC/USEPA/US

To: "Bailey, William (CDC/CCHP/NCCDPHP)" <wdb9@cdc.gov>
Date: 04/12/2011 10:18 AM

Subject: The the report on the coal in China

This is the report on the fluoride and coal from China and another article we found on the fluoride in
U.S. Coal.

(See attached file: Voice of America-China-coal.pdf)(See attached file: Robertson et
al.-coal.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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Coal Burning Linked to Fluoride Disease in China
Bones, teeth affected in unventilated homes

Art Chimes | St. Louis, Missouri21 October 2010

Getty Images/iStockphoto

Fluoride disease is blamed for an outbreak in China that blackened teeth, caused very brittle bones and
bone deformation.

A cluster of villages in China's Guizhou province has been plagued by an outbreak of disease that
damages teeth and bones. Now, a new study by Chinese and American researchers puts the blame on
polluted coal burned in home fireplaces.

00:00 ot ] |

In small quantities, fluoride can prevent tooth decay. But too much fluoride can lead to a whole
spectrum of symptoms, and that's what Chinese doctors were seeing, explains chemistry professor
Joseph Gardella at the State University of New York at Buffalo.

"It runs from everything as simple as blackened teeth to these very brittle bones, bone deformation, so
that leads to very debilitating disability," he said in a telephone interview. "And the rates of skeletal
fluorosis in some of the villages are as high as 30 percent, although not all of those people who suffer
are suffering the most extreme disability."

The most common source of fluoride disease is water pollution. But tests found no problem with the
villages' water, so scientists started looking for another environmental source of fluoride.

http://www.printthis.clickability.com/pt/cpt?action=cpt&title=Coal+Burning+Linked+to+... 10/29/2010
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Coal, which is burned for heating and cooking, was another suspect, but the coal itself wasn't polluted.

However, advanced imaging techniques revealed that the culprit was another material burned with the
coal.

"These are villagers that will collect what coal is available. And it turns out that they form briquettes,
coal briquettes to burn, by mixing it with surface clay. And what we've learned is that the fluorine, as
fluoride, is associated with this clay component," Gardella said.

The scientist says it's unclear exactly how the village residents were being poisoned by the fluoride.
They might be breathing in the chemical, which is an ion of the element fluorine. Or it might be in tiny
particles that settle on food.

"We were able to obtain dried peppers and dried corn samples from the villages and show that the
particulate matter on the surfaces of these chili peppers was really high in fluorine content."

Either way, says University at Buffalo scientist Joseph Gardella, the Chinese government has launched a
program to install chimneys to vent the harmful fluoride out of villagers' homes.

Results of the research were presented in Albuquerque, New Mexico, at the International Symposium of
the AVS, the scientific group formerly known as the American Vacuum Society.

Find this article at:
http://www.voanews.com/english/news/asia/Coal-Burning-Linked-to-Fluoride-Disease-in-China-105447638.htm|

D Check the box to include the list of links referenced in the article.
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FLUORINE IN COAL AND COAL BY-PRODUCTS

1.D. Robertson,'? A.S. Wong'? and J.C. Hower?
Department of Chemistry' and Center for Applied Energy Research?
University of Kentucky
Lexington, KY 40506-0055

Keywords:  Fluorine, PIGE, Coal

INTRODUCTION

Fluorine occurs in trace amounts in most coals. It is typically associated with minerals of the
apatite group, principally fluorapatite and clays, and with fluorite, tourmaline, topaz, amphiboles
and micas' The average fluorine content of US coal is, according to the tabulation of Swanson
er al?, 74 ug/g. In the United States, the lowest average fluorine concentration of 30 ug/g is
found in coals from Eastern Kentucky and the highest average value of 160 pug/g is found in
coals from Wyoming and New Mexico.> The concentration range of fluorine in European coals
is similar to that found in the US while the average fluorine content of Australian coals ranges
from 15 to 500 ug/g.*

Fluorine is released into the atmosphere during the combustion of coal. According to a Nationat
Academy of Sciences report, coal combustion accounts for a significant fraction (10%) of the
total atmospheric emissions of fluorine in the United States.” Because of its effect upon
environmental quality and health, fluorine has been classified as an element of moderate concem
in the development of the coal resource.® With the increased utilization of this energy resource,
it is important to be able to reliably determine the fluorine content of coals and coal by-products.

The amount of fluorine in coals and geological materials is generally determined using an’ ion
selective electrode or, more recently, ion chromatography to measure the concentration of fluoride
ions in a solution prepared from the sample. The most common chemical pretreatment
techniques include alkali fusion,”® oxygen bomb digestion," and pyrohydrolysis,"”5!%!!
The ASTM standard method (D3761-79) is based on the oxygen bomb procedure; a simple and
convenient sample preparation technique. The validity of the oxygen bomb and alkali fusion
methods has, however, been called into question as these two procedures consistently yield lower
results than those obtained by pyrohydrolysis.”*'? This is most likely due to the incomplete
dissolution of fluorine from the sample by these two procedures. The end result of this
discrepancy is a wide range of fluorine values in the literature and the lack of certified fluorine
values for coal and fly ash standards.

In order to aid the certification process, we have determined the fluorine content of several coal
and fly ash standards by an alternate method; proton-induced gamma-ray emission (PIGE)
analysis. PIGE is a rapid, non-destructive analysis technique that is based upon the detection of
the prompt gamma rays that are emitted following a charged-particle-induced nuclear reaction.
The energy of the gamma ray is indicative of the isotope present, and the intensity of the gamma
ray is a measure of the concentration of the isotope. This ion beam technique is mainly used in
the analysis of light elements. It has been used to determine the fluorine content of various
geological materials'>'* and of the NIST 1632a and 1633a coal and fly ash standards.!04%
We have, using the method of standard additions, determined the fluorine content in NIST
bituminous coal SRM 1632b, subbituminous coal SRM 1635, coal fly ash SRM 1633a, USGS
Lower Bakerstown coal CLB-1, CANMET BCR 40 and SARM 20.

EXPERIMENTAL PROCEDURE

The PIGE measurements were performed at the University of Kentucky 7.5 MV Van de Graaff
accelerator.'® The nuclear reactions utilized in these PIGE measurements are F(p,p,)"F, Ey
= 110 keV and 'F(p,p,)'""F, By = 197 keV. The samples were irradiated with an externat 2.5
MeV proton beam in | atm. of He. The v rays were detected with an ORTEC HPGe detector,
20% relative efficiency, with a FWHM resolution of 2.40 keV at 1274 keV. The beam, normal
to the target surface, was rastered over the sample at 1 Hz irradiating a spot of 5 mm by 7 mm.
The proton beam current, on the extraction foil, ranged from 100 to 150 nA, and the collected
charge ranged from 90 to 140 uC. The irradiation times were adjusted to obtain an uncertainty
in the counting statistics of less than 5% (except for SRM 1635, where the uncertainty was less
than 10% after 20 minutes of counting time) in the arcas of the 110- and 197-kev Y-ray peaks.
The irradiation time per sample ranged from 15 to 20 minutes. Rather than adjust the beam
current to maintain a constant count rate, a pulser was used to correct for the dead time in the
Y-ray spectra. Typically, the dead time in the measurements was less than 3%.

For the standard addition measurements, one blank and four spiked samples were prepared for
each coal standard. The spiked samples were prepared by adding appropriate amounts (from 5
to 25 uL) of the NIST SRM 3183 fluoride ion chromatographic solution ([F] = 1000 ug/g) to
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approximately 250 mg of coal. The concentration of fluorine spikes ranged from 25 to 90 pg/g.
After addition of the fluorine solution, the spiked samples were oven dried for 24 hours at 50°C.
The dried samples were then mixed in a polystyrene vial with a methacrylate ball for 30 minutes.
The blank and spiked samples were then pelletized in a 13-mm stainless steel die at 90 Mpa.
High purity graphite powder (Johnson Mathey, Ultra 'F’ spectroscopic grade) was mixed with
the NIST 1633a fly ash SRM in order to obtain a stable pellet. The blank and spiked samples
of NIST 1633a were prepared from this mixture. Two sets of standard addition samples were
prepared and analyzed for each standard. Figures I and II show the typical fluorine standard
addition curves obtained.

RESULTS AND DISCUSSION:

The results obtained from the standard addition method for each standard are listed in Table 1.
The fluorine values, which are reported on a dry weight basis, are the weighted average of the
concentratin values obtained from the 110- and 197-keV standard addition curves on two series
of standard.addition samples. The limits of detection (LOD) for the measurements (Table I) are
based on a minimum observable peak area of 3Vbkg where bkg is the background over 1 FWHM
about the gamma-ray (197 keV) peak’s centroid. The LOD for fluorine in coal ranged from 2 to
8 ug/g, depending upon the ash content in the coal. The relative standard deviation for a single
measurement, based upon counting statistics, ranged from 0.9 % to 10 %.

In order to determine if the concentration of the fluorine changed during the proton irradiation,
a single pellet of NIST SRM 1632a sample was subjected to four consecutive 15-minute
irradiations at 150 nA. No significant variations were observed in the normalized 110- and
197-keV gamma-ray yields in the multiple bombardments. The average normalized yield was
133 £ 2 y’s/uC for the 110-keV gamma-ray peak, and 145 £ 1 y’s/uC for the 197-keV gamma-
ray peak. The overall average of the normalized yield for SRM 1632a during four days of
consecutive measurements (10 irradiations) was 126 £ 6 ¥'s/uC for the 110-keV gamma-ray
peak, and 141 £ 6 y’s/uC for the 197-keV gamma-ray peak.

As can be seen from the comparison presented in Table II, the fluorine concentration values
obtained in this work for the NIST, SARM and BCR standards agree well with the values
obtained by pyrohydrolysis. The fluorine values obtained by oxygen bomb digestion are, on the
other hand, consistently lower than the PIGE and pyrohydrolysis values. As noted above, this
is most likely due to the incomplete dissolution of fluorine from the sample by this sample
preparation procedure.

We are currently using PIGE as a rapid, instrumental technique to investigate how fluorine
partitions in wet and dry FGD equipped coal combustion systems. Results from this study will
be presented.
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TABLE I
Fluorine Concentrations’ (j:lg/g) of NIST, SARM, ‘CLB and BCR Coal and Fly Ash Standards <
Determined by Standard Addition PIGE Measurements.
Sample ID Fluorine . Ash LOD J
(ug/e) (wi%) (Hg/g)
NIST 1635 281 a1 6.2
NIST 1632b 48 12 6.8 39
SRM 1633a 93+ 10 100 15
CLB-1 6817 - 2.0
BCR 40 114+ 6 - 5.9
SARM 20 148 £ 13 35.3 4.6
* Dry weight,
TABLE II

Fluorine Concentrations for NIST, SARM and BCR Standards
Obtained by PIGE, Pyrohydrolysis, and Oxygen Bomb Digestion.

Sample ID PIGE Pyrohydrolysis Oxygen Bomb
NIST 1635 281 397, 4210, 34, 35" 18, 12"
NIST 1632b 48+2 467, 58'°
NIST 1633a 931 10 827, 73°, 8119, 89'! 25, 22"
BCR 40 1146 128'%,122,119"! 107"
SARM 20 148 £ 13 148!, 1527, 141'°, 130! 86", 107, 110M
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FIGURE I
Fluorine Standard Addition Curve of NIST 1635 Coal Standard
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FIGURE II
Fluorine Standard Addition Curve of NIST 1632b Coal Standard
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